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Preface

This report is divided into two sections, Part A and Part B.
Part A is a resums of all the experimentzl work done from January i, 1957
to August 23, 1957, under the supervision of Dr. Meyer M, Markowitz who
left the employ of the university on Awgust 23, 1957. PartB is the lasi
quarterly report of the year, i.e. the work done from Aupust 23, 1957 to
November 3u, 1957. This was carried out under the supervision of Mr,
Arrige Carotti who replaced Dr. Markowlitz, Contimity of the work wag,
however, not interrupted because Dr, P. F, Winternitz directed it during
tne entire contract period. Also Mr, Jacobson, who performed most of the
experiments and compiled the first draft of this report, worksd continu-

ously on the project.

Together, Part A and Part B constitute ths work perfommed for

the entlre contract periocd, The main results are the following:

A) Dilute solutions of pernitric acid have been

prepared and distilled;
B) NOoF was synthesized by a new method;

C) The preparation of HNOoF» was attempted, No
conclusive results were obtained; but there were
indications for a transitory formation of a

fluorinated nitrate.

CONFIDENTIAL



e e - N )

e
s

e s GeeOSA oescsce

II1.

CONFIDENTIAL

Summary

A, Pernitric acid, HNOj:

1. Attempts to prepare pure pernitric acid, HNOh’ were unsuccessfuljy

2, Dilute reaction mixtures containing HNOI1 ware prepared vy reacting
504 H202 with 100% HNO3 or with N203; but the use of 1004 H202 led always to

explosions}

3. The presence of pernitric acid was established from the ability

of the reaction mixture to liberate bromine from its salts;

L. Fernitric acid decomposes even in dilute solutions down to a
temperaturs of -80°C; but the rate of decomposition decreases with decreasing

tamparaturs,

5. In spite of this instability it was possible to obtain by caresful
distillation a product containing more HNOh than the original reaction mixture.

The highest concentration reached was, however, only about 7%.
6. Attempts to prepare salts of pernitric acid wers unsuccessful,

7+ Pernitric acid is because of its instablility not useful as a
practical oxidizer. For this reason, no attempts were made to improve the

preparation methods developed.

B. Nitroniumfluorids, N02Ft

1. NOQI-‘ was prepared by the raeaction of N02ClOl1 with NaF in

nitromsthane. This new method of preparation, which does not involwve the use

w2 -
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of elemantal fluorine, is analogous to a method for the preparation of NOF

developed at N.Y,U. (1) (2).

2, Tre identity of NO,F thus preparsd wos aestablished by chemical

ard physical tests.

3. The purpose of preparing NOZF wag to use it as an Intermediale in

the synthesis of fluoronitric acid.

C. Fluworonitric Acid, H N02 F2:

1, Attempts to prepare HN02F2 using 0% aquesous 4YF a- the flnociuabiyy
agent under varlous exparimenfal conditions were unsuccessful, probably bacause

of the eass with which HNOoF, hydrolyzes;

2., Some Irdications were obtainad for the Lntermediate forwiatlion ot

HNO2F2 by the reaction of CoF3 aml NOHSOh in cone. sulfuric acid;

3. The reaction of KHF, with 1\10231011 in nitromethans gave products
contalning both fluoride and nitrate ion. It has, however, not bsen sstabl]shed
whether the initially formed N02F will give with anh. HF the desired fluoronitric

acid or merely a complex such as NOZFoHF.

-3 -
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PART (A) (Abatract of the experimental work done

Ae)

from Oct. lst, 1956 to Aug. 23, 1957).

Introduction
3

The work durdng the period from October lst, 1956 to
August 23rd, 1957 was concerned with two main objectives:
l.) The preparation and study of pernitric acid;

2.) The preparation and study of fluoronitric acid.

The first obJjective was partially fulfilled in that a
new method for the preparation of pernitric was devised and some con-
centration by distillation was obtained. The work adds some new evi-
dence for the existence of pernitric acid. Simultaneously it appeared,
however, that there is 1ittle chance of practical application of HNO)l
as an oxidizer. For thls reason the work was discontinued, but its

continuation would probably be of some scientific interest.

No fluoronitric acid was actually prepared. although
sute indications for 1its formation ss an intermediste were obtained.

This work was continued in the remaining contract period.

The results of the work performed until the end of
August were reported st the third bipropellant conference held in
Sacramento, Calif., on October 15th and 16th, 1957 and a copy of the
prossutation was submitted to ONR, Washington, because no official

riinutes of the conference will be available.

- -
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B.) Preparation of pernitrie acid; (HNOY)

a) Perhydroxylation of nitrie acid.

Attempis were made t. prepare HNGh by the

action (perhydroxylation):

1,)

2.)

3.)

ha)

Hy0p + HNO3 - HNOJ, + Hp0 .

In the first series of experiments 100% [0, and 1004 HNO § woere
reacted in various pruportions. The reaction at a mole ralio
1:1 was studied at -8500, 0°C and 200“, both in the precence
and in the absence of lighi. 1In no cese was 1IN0 detertid.
(Anh. HNO3, prepared per ref. (3) wao used; it analyzed 101,87

by base analysis, indicating the presence of some NoOg.)

The above experiments were repeated using 1:1 mole valios of
100% HNO3 and 50% HpUp; INO), was obtained when Lhe rea.tion
was carried out at temperatures of -85°C and 0%:. The prencne.
or absence of light had no effect. At 20°¢ no HNO); was prosent
in the reaction mixture, Pogitive tests were also obtained At

a mole ratio of 1:2 {100% HNO3 to 50% li202).

Vacuum distillation of HNO3 - 50% HpOp mixtures from A500 4o
rocn tempersture gave distillates containir HNQj in yiotds

up to S,0L4.

Attempts were made tc¢ prepare a pernitrate sali by reacting
mixtures of 1 g. KNOj, 0.65 mi. 100% HNO3 and 0.5% al. 100X
Hs0, at temperatures ranging from <B5°C to room Lemperature.
HNO), was present in the solution. The salt was presiprtated

by cooling the solution to 0°C and adding glaclal aceti - ac-.
-5 a
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The solid was filtered; both the solid and the filtrate showed
pernitrate content. However, it was later found that the per-
nitrate content of the solid was due to some adhesicn of.t,he
mcther liguor. Further precipitation experiments were carried
out by varying the molar ratios of the constitwonts but pro

pernitrate activity was found in any of the so.lida igolated.

Further attempts towards the preparation of a pernitrate salt
wore made using HpOp, HNOj - nitrste salt mixtures. The nitrate
salt. used were Ca(N03)2, AL(NO3)3-9Hp0, Sr(N03)2, WaNO3,
Ba{N03)2, Po(NO3),, Fe(NO3)3+6Ho0, AgNO3, Cu(NO3)pe3H,0, NH),NO3
and L:LNO3. This method of preparation of pernitrate salts was
not successful; but the moderating effect of some of che

nitrate salts on the H202 - HNO3 mixtures was quite striking.

b) Ozonization of nitric acid

The intended reaction was

HNO3 ¢ O3 - HNOy + Oj.

1,) KNO3-03: KNO3 dissolved in Hp0 and in CCly was ozonized at

2.)

3.)

QOC; the salt was recovered unchanged, showing the non-
occurrence of the reaction:

KNO4 + 03 - KNOy + 0;.

HRO3-04: 5 ml, 100% HNO5 was ozonized in en ice-salt bath,

No peracid was formed.

HNO3, KNO3-O3: 1 g. KNO3 in 5 ml. ENO3 was ozonized at 0°C

Again negative results wer: obtained.
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c) Perhydrolyses of NoOg NoO3

The intended method of preparation consists in reacting

N2050r N203 with H202.

1.) 0.17 ml. 100% Hp0p and 0.59 g. NoO5 were reacted at -85°C; an

immadiate explosion onenrred withont the formation of HN()’._‘_

This experiment was repeated with similar results (L).

2.) 0.92 go NpOg was vaocuum distilled onto 0.29 ml. 100% 1207 at
—85°C; upon warming an explosion occurred. This cxperiment was
repeated, again an explosion took place but this time HHC) wns

present in the residual liquid.

3.) 0.13 mi. of Hy0p was vacuum distilled onto 0.51 p. N205 at
-859C; upon warming an explosion occurred with no indlcation

of the presence of HNOh.

Lb.) 0.4 g. of N203 was reacted with 0,66 ml. 50% HpO2 in an ice-
salt bath. The resulting solution contained HNO). This was
thought to occur as follows:

i) NoO3 + H0 - 2HNO2 ,

i1) HNOp + 2202 -~ HNOL + 2Ho0.

The experiment was repeated usin 7 8. N203 and 0,87 ml.

5O% Ho0p. A 6,547 yield of HNOh was realized.

d) Miscellaneous attempts to prepare HNOJ

1.) Reactions of H;Op with salis. 1 g. KNOj was refluxed with
5 ml., 50% H202 ftor S hours; no evidence of pcralitrate ac-
tivity was found, 1 g. NaNO2 and 5 ml. 507 Hp02 were refluxed
for 3 hours; again no avidence for pernitrate activity was

found, -l -
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2.) 2 g. Nas0g were reacted with 10 ml. 703 HNO3 (in excess). This
reaction resulted in the formation of pure MaNCj rather than

NaNO); .
3.) The reaction of KHSO5 and HNO3 did not produce any HNO),.

lie) The reaction of K29208, Hp0, H3PO,, and HNO3 did nnt produce

any HNO}, .

C.) Attempted Preparation of a Fluorinated Nitric Acid

a) Simultansous Oxidation and Fluorination

In one get of experiments nitrous acid was prepared by hydrolysis
of niiresyl-sulfuric acid and then reacted with cobaltic fluoride to obtain

simultaneousgly oxidation of the nitrogen and reduction of the cobalt ien,

1) 4.l g CoF3 uere added to 50 ml. 95.8% HpSO) and 2.3 g. NOHSOL.
The mixture was refluxed for 2 hours at 100°C and then vacuum
distilled at 100°G., IiL was hoped to prepare HNOF2 as follows:

1) NOHSOy + H,0 - HNOp + HpSOy,

i1) 2CoF3 + HNOp - 2CoFp + HNOpFp.

Analyses of the distillate showed it to contain H3S50),

HpS8iFs, and probably some HF and HNC3 either as svch or stemming
from the hydrolyses of HNOSF2 during the course of the analyses,
‘he expsriment was repeated; the mixture was refluxed at 1909C for
2 heurs and vacuum distilled at 100°C. Similar results were ob-
tained. The experiment was repeated again with refluwang at

1809C for 2 pours and vacuum distilling to 180°C; apain similar

results were obtained. In the above three ca-es HNO3 was found

~ 8-
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in the distillate. It is significant that when the CoFj reactant
is not placed in the gbove mixtures then no HNO3 is found in the

distillate: it apprars that CoFj may have reacted with the smM!
HNO2 present to yieid a matsrial separable by vacuwum digtillation

from the bulk of the reaction medium.

A dry reaction mixture of 2.2 g. NaNO2, 5.6 g. NalsSQy and 7.6 ;7.
GoF3 wag vacuum distilled while being heated from EhOC to 150°¢C
over a period of three hours. The distillate was similar to that
found in the previous experiments., The attempted reaction scheme
is:

1) NaNOz + NaHSO), - NapS0) + HNOg,

1i) HNO2 + 20oF3 = 2CoFp + HNOoFy,

b) Fxchange Reactions

Exchange reactions involving various fluerine compounds and

nitric acid or resp. nitrates were ¢lso studied.

1)

2)

Mixtures of HNO3 and FSO20H were refluxed for extended periods at
100°C and 16500, followed by vacuum distillation. In no case dad
the distillates contain HNOj indieating no conversion as per the

equation:
HNO3 + 2FSO20H - HNOpFp + HpS)07.
A mxture of HNO3, FSO20H and NaHpPO),°Hp0 (which decom-
poses under reaction conditions to yield (NaPO3), and Hy0) was
refluxed at 100°C and 165°C and then vacuum distilled; nn

nitrate was obtained in the distillate.

Distillates obtained from mixtures o. HNO3 and HpFO3Y after .e-
fluxing and vacuum distillation ccentained less than L% ¥ indi-

cating that no HNOQF2 was formed.

CONEIDENTIAL
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HF (LO% aqueous solution) was reacted with KNO3 in polyethylene
and platinum containers, followed by evaporation to dryness.
Analyses of the reaction mixture showed essentlally pure KNO3

{92.3%, 99.1%) along with some conversion of the sait to KF.

Ao e el e nn TN Tl e~
ANpUHLIGLHULY WU v Zr 7z wao

Cl03F was reacted with KNO3 and HNO3 in attempts to promote the

" reactionz

HNO3 or KNO3 + 2C1O03F —+ HNOoFp or KNO2F, + Clp07.
After passape of ClO3F through HNO3 and mixtures of KNO3 and
HNO3 at 0°C, no ¥ was found in the mixture confirming the ab-

nence of a reaction.

A reaction mixture of CoF4 and HNO3 in 96F HpS0), was refluxed
at 100°% for 3 hours and then vacuum distilled. Anaiyses of
the distillate showed it o contain 76.5% HNO3, 6.1% HpSiFe,
5.4% HF and 12% Hy0 {by difference}. The small fivoride von-
tent would indicate but negligible attack of the nitric acid

by the cobult trifluorlde.

-10 -
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Detailed report on work performed from August 23rd

to November 30th, 1957.

.

e
.

B.)

During the report period emphasis was placed on the prapara-
tion of nitroniumfluoride and of fluorinated nitric acid. These atteup's
appeared to be attractive because a four coordinated nitrogen atom with
a positive charge is capable of existing and it would seem from tl,cu-
retical considerations that this is the state required tor these com-

pounds (5){6).

The followling methods were used in our attempts to prepare

them:

1) Ny03 + Hy0 + 2HF -+ 2HNOF, + Hp0

2) KHFp + NOpCl0) - HNO2F2 + KCLO),

3) SbF3 + 3KNO3 - 3NOLF + Sb(0K)3

%) NaF + NOC10) -+ NO2F + NaClO)
They are desciibed in some detail in the next section., The first two
of them are concerned with fluoronitric acid, the last two with
nitroniumfiuoride. Since conventional laboratory set-ups were used

no detailed description appears to be necessary.

Experimental

1.) Attempts to prepare fluoronitric acid from NyO3
and L0F aqueous hydrofluoric acid.
Mixtures of LO% aqueous HF and excess NpO3 were reacted
at -85°C and allowed to wam up graduaily to room temperature.

The scheme of the reaction is:

- 11 -
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1) Ny03 4 Ho0 -+ 2HNO2,

ii) HNO2 + Z2HF - HNOFp + Hy0
The occurrence of a reaction could be visually observed; however,
analysis of the products showed them to be a mixture of 2-1/2 moles
HF and 1 mole HNO3 diluted in S moles H20, which correspond to the
original reactants. The Ny03 was made by reacting concentrated
HNO3 with NaNOps in a gas gen -rator and collecting the N203 formed

in a receiver kept at ~85°C (7).

Attempts to prepare fluoronitric acid from

nitroniumperchlorate and KHF2.

The intended reaction was?

KHF2 + NOoClO), -+ HNOgFp + KCLOj

In one experiment an excess of KHFy was reacted with 2 gms NOpCl0)
dissolved in nitromethane for two hours at room temperature (16°C),
2 hours at 20°C, 2 hours at L40°C, and 2 hours at 60°C. Nitrogen
was continmiously passed through the reaction mixture and wvapors
formed by the reaction were absorbed at 0°C in a trap containing
sodium hydroxide. The sodium hydroxide turned an amber color
during the reaction. Analyses of the NaOH gave a positive brown
ring nitrate test (8) and a positive fluoride test (alizavin red
S and Zr{N03)2 (9)). A positive fluoride test was also obtained
with CaCl2. 5 ml. of the NaOH solution was used for quantitative
determination of nitrate by the Nitron procedure but no pr2cipi-

tation occurred (See Appendix MAnalytical't).

This reaction was then repeated ueing about ki g. NC2010)
and an excess of KHF2; three traps were placed in the arparatus,

-12 -
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the first one was kept at room temperature (20°C), the secoud one
at -SOOC and the third one at liquid nitrogen temperature (-\1960(:)‘.
The temperature was ralsed gradually from 20°C Lo 80°C during a
period of 4 hours. 5=6 ml, of liguid was collected in the trap I,
a brownish rolid ir trap IT, and & vhite solid in trap ITT. The
liquid in trap I was not miscible with Hp0, but proved to be acid
to litmus paper. Analyses of the liguid showed both fluworide and

nitrate ion to be present.

The nitroniumperchlorate used in these two sttempts had
been prepared by the following met hod (10): A solution of HNypOg
(excess) in nitromethane at --20°C was added to a solution of
anhydrous HCl0), in nitromethane at -20°C. N0CLO), precipitated
out and was filtered on a sintered glass funnel and then dried
unider reduced pressure in a dessic ator. This work was done In a
dry nitrogen box to prevent hydrolyces of both the rcactants and
the products. The anhydrous HC10) used had been prepared by
vacuum distilling a mixture of 6w ml. 96% HpS80j and 160 wi. 72%
HCth and the NpOg was prepared by adding Pp0g to frozen white
fuming HNO3 and ozonizing the reswltant vaepors given off on warm-
ing of the mixture (11). Base amadyses of the nitironium per-

ch'lorate showed it to be 100.5% N0 2C10);, traces of NxOg causing

For a third attempt NO2Cl0) was prepared by a different
method. 3 ml. of 727 HCiO) was added to 5 ml, of nitromethane at
-20°C; then 30 g. Ny0g was dissolved in 4O ml. of nitromcthane at

the same temperature and the two solutions were mixed; a white

-13 -
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precipitate fermed and was filtered off., About 3 g. NO2CLO) thus
prepared were reacted with an excess of KHF), for a total of 6
hours; (2 hours at LOC, 2 hours at 6000 and 2 hours at 80°C) in
the same apparatus as used in the previous experiment. The con-
tents of the three travs were analyzeu qualitatively for fluoride
and nitrate ion, the results being tabulated below. Trap I con-
tained about 1 ml. of a clear liquid, Trap II contained a brownish
solid at ~50°C, and Trap IIT contained a white solid at ~196°C.
The liquid in Trap I was not miscible in about 2 ml. of water but
did dissolve on addition of more water. Trap II was allowed to
warm to room temperature and its volatile content was passed in a
nitrogen stream over a period of two hours through a solution of
NaOH in water. A colorless liquid and a small amount of a white
solid remained after the nitrogen scrubbing. The following morn~
ing the white solid had disappcared and the trap was filled with a
brown vapor. The NaOH solution was analyzed and is labeled Trap
IIb in the table below. NaOH was added to Trap I1lI and allowed to
warm up to room temperature; upon addition of the NaOH a blue color

was observed which did, however, disappear upon warming to room

temperature.

Table I
Test Trap I Trap II Trap IIb Trap I1I
F- Pos Pos Pos Pos
N0§ Yos Pos Pco ¥co
NOE - Pos Pos Neg

The nitrite test was performed by cooling a solution of

urea and the sample to 0°C and acidifying, an evolution of bubbles
- 1L -
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indicating the presence of HNOo (12) according to the equation:

2HNOp + 2HNCONHp - 3Hp0 4 2Ny + COp .

Attempted preparstion of nitroniumfluoride from

antimony trifluoride and potassiwmnitrate,

The intended r~action is represented by the equation:
SbF3 + 3KNO3 -+ 3NOoF + Sb(0K)3

Four experiments wera performed.

Tn the first experiment a dry mixture of 1.7 g. KNO3 and
1lg. SbFy (13) was reacted at various temperatures in steinless
steel equipment. A+ 55°C no observable reaction took nlacu and
no distillate appeared in the receiver, held at =85°C. At 100°C
agin no distillate was observed after 2-1/2 hours, but acid fumes
were noted when the apparatus was flushed with nitroren. A l??UC
a few particles of a white solid at -85°C were nolcd whish, when
dissolved in water, gave a positive nitrate test aud a tegative
quantitative fluoride test, Ai 1h5°C at the bottom of the rc -
ceiver, a solid white product collected which melted and vapor -
ized below room temperature to give a colorless gas, The water

solution had a pH of 5; anslyses of the solution gave a negative

quantitative fluoride test.

The second reaction was carried out in glass apparatus at
tmwwﬂmmsfmml%%3—lﬁ‘1 Brown vapors escaped and sfter 5
hours a mixture of a brownish solid and a lipght blue solid had
accumilated in the receiver which was kept at iiquid nitropen

temperature. On warming to =35°C, a  solid evaporated almosy
I
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completely; the remaining solid released brown vapsis. The rela-
tive amounts of nitrate and fluoride precent in the reaction mix-

ture at the start and at the end of the experiment are tabulated

below.
Table IT
Start After reaction Lost
% KNO4 38.26 26.25 12,01
% SbF3 12.10 6.73 5,37

The above analyses correspond to the removal of an empiri-
cal compound (NO2)oF or an equimolecular mixture of NOp and NOoF
from the reaction mixture. A very small pa.i of the reaction mix-
ture turned a blus~green color; it was exclsed and analyzed fov
fluoride, 11.42% fluoride was found as compared to the initial

content of 12,10%.

In the third reaction a light blue solid product was col-
lectsd in the trap at -196°C. It reacted with water. The resuli-

ing solution contained 5.5 mg. nitrate and no fluoride.

In the fourth attempt three traps werc nlaced in the appa-
ratus; the first trap contained 13 g. NaOH at 0°C, the second trap
contained water at 0°C and the third trap was kept at -396°C. Dry
nitrogen was passed through the apparatus throughout the entire

experiment,

The weight of the NaOH increased by 0.2 gms. I{ cou-

tained 39.8% nitrate and no fluoride.

- 16 -

CONFIDENTIAL



CONFIDENTIAL

L.) Preparation of NOZF from NaF and NOpClOy

The intended reaction was:
Nozcloh + HaF - NaClO} + NOQF.

Three experiments were performed.

In the first tesi an excess of NaF (3.4 g.) was mixed
with 1.5 g. NOC10) in anhydrous nitromethane and reacted for 6
hours at 50°C; a white solid was collected in the receiver at
-196°C. The receiver was allowed to warm up, however, bacause of
the small amount of product available its boiling point was not.
observable. 19 ml, of gns were collected in a mercury pas burrcto-
and passed into an evacuated flask containing rrozen NaOH, which
after warming up was titrated with standard acid. The ¢as was
found to have reacted with 0,001 moles of base, approximately in a
1:1 mole ratio. The NaUH solution contained after absorption of
the gas nitrate (brown ring test) and fluoride f{alizarin red S

and Zr{NO3)2 solution),

In the second reaction larger quantities; namely, .l gms
NOpCl0), and 5.9 gms of NaF were used. After L hours the receiver
was connected to a flask containing a known amount of frozen NaQp.
Upon warming the solid product vaporized snd passed through the
attached mercury bubbler, rezcting with thie mercury. The NaCH was
back titrated and a smaller quantity of base was found to have re-
acted than in the previous experiment. Qualitative analysec show
ed the NaOH not to contain any fluoride. The reaction ws: thun
contimied and the gases evolved bubbled throurh NaOM. This %ac
aolution turned a yellow preen color and gave 1 pocitive 1o 1,

both fluoride and nitr-te,
- 37
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The reaction was run again using ca. 8 g. N0O5C10}; a liquid
slurry was collected in a trap kept at ~132°C (frozen pentane) in-
dicating the melting point of the product; a boiling point was ob-
served in the tempersture rangs -70°C to -65°C., £5 approximate

yield based upon a density of 2.9 g./ml. is 60-80%.

G.) Discussion

The prcduct of the reaction between sodium fluoride ang
nitroniumperchlorate (reaction 4 in the experimental section) had a
BoP. of ~70°C to -65°7 and a F.P. of -135°C to -132°C. It gave a posi-
tive test Jor fluoride and nitrate and turned moist blue litmus paper
red. It reacted with Hp0, NeOH, Hg and Tygon and fumed in air. Accord-

ing to these properties it was NOuF,

On the other hand no NOoF resulted from the reaction of KHF2
and NO2Cl0y, (reaction 2 in the experimental section). But all products
contained fiuoride and nitrate. The product collected at -50°C (trap
II) evolved some NO2 after nitrogen scrubbing, leaving a white solid
residue which disappeared en standing overnight at room temperature.
The formation of an unstable compound such as the intended fluoronitric
acld would be compatible with these observations., But an addition com-
pound NO2F HF might behave in the same way. Further study would be re-

quired to decide between the warious possibilities.

The analysis of the products of the rcaction of K203 and LOF
aqu. HF corresponded to a mixture of 2-1/2 moles HF and 1 mole HHO3
diluted in 5 moles Ho0., The presence of water in the hy-drofluori. acid

used 1s, of course, quite detrimental to the intended formation of

- 18 -
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HNOoF» becauss one would expect this compound to be readlly hydrolyzed.
But even anhydrous hydrofluoric acid wonld be not much better berzause
some water is formed by the reaction itself as shown by the overall
equation:

N203 + LNF ~+ 2H NOgF2 + H0.
It might be possible to tie down the water of reaction by using an excoss
of Ny03 although even this is somewhat questionabla. TIn experimonls cnrriad
out by us with excess NpO3 the latter boiled away before the reaction
started. But performing the reaction in a bomb might glive more favoravie

results.

In the reaction of antimony trifluoride with potaasiwm nitrate,
(reaction 3 of the experimental section), the product collected contalned
no fluoride. However, in many cases the glass reaction vessel wasa very
badly etched, indicating the presence of fluorides. The loss cf niirate
and fluoride from the reaction mixture corresponded rughly to a compound
containing FN¥C2 and NOs in the mole-ratioc 1:l; apparently some of the
fluorine compounds had reacted with the glass. At this polnt it carmot be
stated whether the observed mcle ratio of NOp to FNO2 has any significance.
Various shades of blueish and greenish colors were obssrved in the reaction
mixture. But they disappeared on exposurs to the air. The pussible torma
tion of the compound K38h is indicated by these observations which would
of course presuppcse a reaction of 5bF3 and KNO3. Termination of the

contract work prevented further study of these reactions.

.19 -
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.) Conclusions

From the experiments described and from theair discussion

the tollowlng can be concluded:

1.

2.

The reaction of sodium fluoride and nitroniwm psrchlorate,
produces nitronium-finoride, Other volatile nitronium-

compeunds can most probably be prepared in a similar way.

The reaction of potassium acid flucride and mitronium
perchlorate does procsed in a different way. No nitronium-
fluoride is formed. The products however, ccntain in all
cages fluoride and nitrate ions indicating that a reaction

had taken place.

No positive results were ottained for the fomation of
fluorinated nitric acid in the reaction ot N203 and yuf

aqueous HF at -85°C.

The reaction between antimony trifluori?e and potagsium
nitrate produced volatile products; the nature of which
conld not be aseertained within the period of time avail-

able.

- 20 -
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Recommendstions for future work:

The following recommendations are made:

a) The reacticn between NaF and NO2Cl0} to produce FNOp shenid
be investigated further as to the use of fluorides (ili) other than

NaF .

b} Analogous reactions using compounds of the type KBr¥F),,
BrF,8bF¢g and the halogen fluorides together with nitroniumperchlorate

cthould be studied (i5).

¢) The reaction between KHFp and NOoCLOp should be investipated
further as to the feasibility of preparing HNOoFp by this method.

The use of other acid fluorides in place of KHFp should alsoc be studied.

d) Methcds for the preparation of a fluorinated nitric acid oy
reactions involving the use of anhydrous HF should be invesligated in
open and closed systems, Some suggestlons are as follows:

1) 2HF + NpOg - HNO3 + HNOF?

2) 2HF + NO2Cl0) - HNOgFp + HCLO),
3) HF + NO2F = HNOsFp

L) HF ¢ NOF - HNOF»

5) 2HF + KNO3 - XNO2F2 + H20

6) 2HF + Np03 - HNOFp + HNO2

7) 2HF + HNO4q - HNOpFp + Hg0.

-2l
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Appendix A: Analytical methods used.

HNO3; Nitrats Salts:

Analyses for nitric acid content were carried out in two ways
1) base titration and 2) the use of 1,4~diphenyl-3,5~endo-anilodihydro-
triazole ("Nitron" Reagent) as a gravimetric reagent for the determina-
tion of nitrates (16). Ths procedure used is that detailed in Treadwell-
Hal.. (17). A check on this method was made to verify the precipitate
ol tained with nitron from the experimental mixtures; a gasometric pro-
cedure was chosen (18)(19). By this method the nitrate is converted to
NO as per: NaNO3 + 3 FeClp + LHCL - NaCl + 3 FeCl3 + 2 Hp0 + NO.
Nitron itself was found to evolve no gas during the analysis; nitron
nitrate unfortunately did not evolve the thecretical quar+<ity of NO.
However the fact that NO was given off could readily be determined by
passage of Op into the collected gas to effect the reaction. 2 N0 + 02 -~
2 Ny ‘brown). Satisfactory resulis were obtained by standardization
with KNG3 and the liberation of its theoretical NO content. The nitron
nitrate precipitate was substantiated by the qualitative determination of

N0 as collected.

HNO),; peracid:

Analyges of the peraecid sontent of the reaction mixtures used
in an attempt to prepare HNO}, were perfirmed by first liberation of
bromins as pert Peraocid ¢ 2 HBr - Hp0 + Brp, followed by titration with
standard sodium arsenite solution (KBrO3 was used as the primary standard)

(20)(21). Thus, 2Br2 + Asp03 + Hy0 - AspOg + UBr~ + L' .

- 22 -
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03; Ozone:

In ozonization experiments with & lmown rate of oxygen flow
(100 ml/min.), the yield of 03 obtained was determined by passage of
the effluent gas through KI solution and titration of the liberated I

with sodium arsenite (22).
80)5 Sulfate:

The sulfate was determined gravimetrically by precipitating
as BasS0), (23).

Co; Cobalt:

In the reactions using CoF3, the quantivy of Co was determined
quantitatively by use of a gravimetric method (24) using alpha-Mitroso

beta-Napthol as the precipitating reagent.

F; Fluoride:

Fluoride was gnalyzed br quantitatively precipilating lead
fluorochloride (25). Presence of fluoride was determined quaiitatiively

by use of the Alizarin Zirconium Lake Test (26).

-3
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